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Roles of grouping and kinship are recent focuses in the evolution of cooperation, but there is no 
empirical data. Sympatric occurrences of both solitary and multiple-female nests are confirmed in 
Lasioglossum baleicum bees. We showed that brood survival rates in Sapporo populations are much 
higher (ca. nine times) in the multiple-female nests than in the solitary nests, and that direct fitness 
of a queen and inclusive fitness of a worker is significantly higher than fitness of a solitary female. 
These results indicate that a worker gains the kin-selected benefit via the mother queen. However, 
the results also show that a synergistic improvement of brood survival results in the fitness benefit 
of a worker. The synergistic improvement of brood survival rate in multiple-female nests is arisen 
with no relation to the kinship among nest members. In fact, there were several multiple-female 
nests that consist of only unrelated females. Such a non-kin female laid her own eggs and gained 
higher direct-fitness than a solitary female. To explain this improvement, we provided a hypothesis 
that grouping is an anti-predation strategy. If grouping generates a synergistic benefit against the 
predation threat, individual fitness can increase irrespective of kinships between egg-laying nest-
members. We conducted a simulation in which the effect of grouping on the brood survival against 
predation was examined. The simulation demonstrated that when the predation threat becomes 
high, the grouping results in a synergistic increase in brood survival comparing with solitary nests. 
This synergistic improvement is caused to decrease the period in which all females leave from the 
nest. Therefore, this synergistic benefit of grouping generates the higher fitness in a cooperative 
female, but in many nests, such a benefit returns to a worker via kinship. Our studies show the 
importance of both grouping and kin-selection in the evolution of cooperation.  
  
